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Summary
1. Adams and Zhang recently published one of the best studies so far of patterns of insect folivory
along a latitudinal (climatic) gradient. They show clear negative trends in foliage loss in relation to
temperatureforcertaingroupsofinsectherbivores.
2. Although their suggestion that the plant–herbivore interaction may be more important in cooler
climates could be valid, they did not bring up the complementary explanation that interactions
between predators and herbivores could also vary with climate. There are indications that insect
natural enemies may respond more positively than insect herbivores to an increase in temperature.
We argue that higher predator pressure in warmer climates may partly explain the patterns
observedby Adams and Zhang.
3. Synthesis. To further develop the important research concerning herbivory in a changing
climate, both theoretically and empirically, plant ecologists and entomologists would mutually
beneﬁtfromjoiningforces.
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The hypothesis that herbivore damage should be higher in
warmer climates (e.g. Coley & Barone 1996), predicting that
climate warming should lead to more herbivory at a given
latitude (Wolf, Kozlov & Callaghan 2008), was recently
questioned by Adams & Zhang (2009). The authors made a
survey of levels of insect folivory on a subset of common tree
species over a latitudinal gradient along the North American
east coast. The results clearly showed negative relationships
between foliage loss (%) and temperature; the r-values,
including trends with P-values < 0.07, ranged between
)0.243 and )0.695. Similar results have been reported else-
where (e.g. Lowman 1984), but there are examples showing
opposite trends (Coley & Barone 1996) and the most com-
mon observation seems to be no trends (e.g. Andrew &
Hughes 2005; Sinclair & Hughes 2008). The study by Adams
& Zhang (2009) is one of the best of its kind, partly because
the authors distinguish between damage caused by different
t y p e so fi n s e c th e r b i v o r e s ,w h i c hh a sn o tb e e nd o n ei na n y
of the previous studies. In addition, the study was repeated
in time over 2 years. Still, Adams & Zhang (2009) neglects
one important aspect, i.e. the possible role of the herbivores’
natural enemies, an important factor that can partly explain
the observed pattern.
T h et h e o r e t i c a lf r a m e w o r kr e f e r r e dt oi nA d a m s&Z h a n g
(2009) focuses on plant–herbivore interactions and the evolu-
tion of plant defences. The third trophic level is mentioned but
without reﬂecting on how temperature might inﬂuence preda-
tors, parasitoids or diseases. To not consider the inﬂuence of
higher trophic level is unexpected, especially as the link
between plants, herbivores and natural enemies has long been
recognized (Lawton & McNeill 1979; Price et al. 1980). It is
likely that different trophic levels respond differently to the
same climate change (Voigt et al. 2003). In some cases, there is
evidence indicating that plants respond more than herbivores
and that the response to temperature becomes more indirect
f u r t h e ru pi nt h ef o o dc h a i n( F o r c h h a m m e ret al. 2008). How-
ever, these patterns have been found in studies of mammals
a n db i r d s .W h e nw ec o n s i d e ri n s e c t s ,a si st h ec a s eh e r e ,a n di n
the study Adams & Zhang (2009), a different pattern emerges:
plants respond least, (insect) herbivores intermediately and
natural enemies the most to the same temperature change
(Dunn 1952; Campbell et al. 1974; Virtanen & Neuvonen
1999; van Nouhuys & Lei 2004; ). Acknowledging these ﬁnd-
ings, we have recently developed a conceptual model where the
anticipated response of all three trophic levels to climate
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observations by Adams & Zhang (2009) from this perspective,
their ﬁndings can at least partly be explained from a higher
pressure from natural enemies on herbivores in warmer cli-
mates. However, the observed amount of folivory would
depend on the temperature response of each species involved
in the tritrophic interaction. In addition, regional climate may
affect plant quality, which in turn affects the success of insect
natural enemies (e.g. effects of immune competence, Haviola
et al. 2007; Klemola et al.2007).
To what extent there is a fundamental difference between
different groups of herbivores and predators (mammals, birds
and insects) and how they interact with plants and their
response to temperature needs further investigation. Large-
scale analyses including a vast array of taxonomical groups
give a mixed picture. For example, Root et al. (2003) found
that during the last decades non-tree plants showed a stronger
phenological shift in spring than trees, whereas invertebrates
and particularly birds showed a stronger phenological
response than plants. Although broad-scale comparisons over
many systems and taxonomical groups give important insights
about trends and thus function as early warning signals (Wal-
ther et al. 2002), a more mechanistic understanding and better
predictiveabilityismorelikelytobeachievedbyin-depthstud-
ies of speciﬁc systems.
If we have the ambition to make predictions about how cli-
mate change might inﬂuence herbivore damage in the future,
an understanding of the causes behind patterns of herbivory in
relation to climate is crucial. We suggest that novel attempts to
look for patterns in insect herbivory over climatic gradients
should also include estimates of responses at the third trophic
level. How this should be studied more explicitly will depend
on the systems involved. Cage experiments could be used in
many cases where the access of natural enemies to the cages is
manipulated, to study the survival and performance of com-
mon insect herbivores that occur in the whole study area. This
would give an estimate of plant quality effects and predator
pressure in the area. The impact of different natural enemies
(e.g. predators and parasitoids) can be separated with cleverly
designed experiments that involve different types of cages. To
use the cage method for estimating the relative contribution of
bottom-up and top-down effects properly, one has to account
for possible non-additive effects (Moreau et al. 2006). An
alternative method is to experimentally study the disappear-
ance rate of individuals in different introduced insects’
life-stages (eggs, larvae or pupae) in a range of study sites.
However, these two methods mainly measure the pressure
from predation and miss the effect of parasiotoids and disease.
Despite this, predation pressure may be a good enough mea-
sure of interactions with a third trophic level, considering the
fact that it has recently been recognized that the combined
effect of several species of generalist predators may actually
regulate the densities of many insect herbivores (Symondson,
Sunderland & Greenstone 2002). To date, there are very few
studies on how trophic interactions are affected by tempera-
ture in terrestrial habitats. A well-designed experiment –
involving two plant types (herbs and grasses), one dominant
herbivore (grasshopper) and two common predators (spiders)
showed that experimental warming strengthened the effect of
single predators (Barton & Schmitz 2009). Eventually, intra-
guild predation leads to the extinction of one of the spider spe-
cies. A loss of predator diversity as a consequence of warming
may have large consequences for the function and the stability
of foodwebs.
Even more could be gained in our understanding of patterns
of folivory if we knew the species involved. It would then be
possible to study leaf damage at the edge of the distribution
area of the plants, and from the colonizations and re-coloniza-
tions of herbivores, predators and parasitoids in these patches
we would acquire a greater understanding of the dynamics of
the different trophic levels. A carefully planned study would
make it possible to unearth the mechanisms behind the
observedinsectfolivoryin different climates.
If theories on abiotic effects on biotic interactions of plant
and insects were incorporated in studies on climate effects, we
would achieve a greater understanding of how herbivores and
their predators affect plant systems in a changing climate. We
therefore emphasize the importance and beneﬁtsofgreatercol-
laboration between entomologists and plant ecologists. Such
collaborations are becoming increasingly valuable as interac-
tions between changes in climate and land-use patterns result
incomplex system responses.
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